To generate greater quantities of energy from wind, the most efficient solution would be by increasing the wind speed. Also, due to the decreasing number of economic wind energy sites, there are plans to place wind turbines closer to populated areas. To site wind turbines out from rural areas, the current problems of wind turbines need to be resolved, especially visual impact, poor starting behavior in low wind speeds, noise and danger caused by blade failure. In this paper, a patented wind-solar hybrid renewable energy harvester is introduced. It is a compact system that integrates and optimizes several green elements and can be built on the top (or between upper levels) of high rise buildings or structures. This system can be used in remote and urban areas, particularly at locations where the wind speed is lower and more turbulent. It overcomes the inferior aspect on the low wind speed by guiding and increasing the speed of the high altitude free-stream wind through fixed or yaw-able power-augmentation-guidevane (PAGV) before entering the wind turbine (straight-bladed vertical axis wind turbine, VAWT in this project) at center portion.
Introduction
Wind and solar energies have long been recognized as potential sources of renewable energy which are free, clean and inexhaustible. Malaysia experiences low speed winds over the year and most of the areas in the mainland experience low (V ∞ < 4 m/s for more than 80% of total hours) and unsteady wind speeds. As a result, most of the existing wind generators are not suitable for Malaysian applications since they are designed for high wind speeds.
In Europe, due to the decreasing number of economic sites, organizations involved in planning are urged to place wind turbines closer to populated areas [1] . There is a great potential to site wind energy generator in urban areas for on-site power generation purposes. Wind conditions in urban areas are generally weak and turbulent due to the presence of high rise buildings [2, 3] . Also, in order to design wind energy generation systems that can be used in urban areas, there are factors which must be considered such as visual impact, acoustic pollution, structural issues, safety problems, blade failures and electromagnetic interference [4] .
Over the decades, researchers had studied and reported different designs of ducted or funneled wind turbines which increased the on-coming wind speed hence increasing efficiency and performance of wind turbines. Govardhan and Dhanasekaran [5] have shown that the efficiency and starting characteristics of the Wells turbines with guide vanes have improved when compared with the respective turbines without guide vanes. Bet and Grassman [6] have reported that by means of employing a wing structure placed at some distance around the turbine, it can successfully increase the power of a wind turbine by a factor of 2.0. Wang et al. [7] have indicated that by using a scoop, energy capture of wind turbine can be improved at lower wind speeds. In Japan, a study was conducted by Takao et al. [8] , which has shown that by adopting the guide vane row, the power coefficient of straight-bladed vertical axis wind turbine (VAWT) was 1.5 times higher than a wind turbine which has no guide vane. Hu and Cheng [9] also presented a bucket-shape ducted wind turbine and tested in the field; the ducted turbine did improve the flow around the generator and thus increased its power extraction efficiency by about 80%.
In this paper, a patented wind-solar hybrid renewable energy harvester is introduced [10] . This harvester consists of yaw-able power-augmentation-guide-vane (PAGV) to overcome the inferior aspect on the low wind speed in Malaysia or in urban areas by guiding and increasing the speed of the free-stream wind from all directions before entering the wind turbine (straight-bladed VAWT) at the center portion. This type of VAWT is to be used in this wind energy system due to its competitive wind energy extraction performance and it appears to be advantageous in complex wind environment and in several aspects [11, 12] . In order to get higher velocity wind stream, the wind energy generation system is aimed to be built or blended on the top (or between upper levels) of high rise buildings. Also, the blending of the wind energy generation system with its environment would bring minimum visual impact from the architectural point of view.
The design of the PAGV can minimize the current problems of wind energy extractors such as the wind turbine noise and bird strike problem since the VAWT is enclosed by the PAGV. Also, there is no possibility for the blade to fly off and cause injury to the people around. In addition, the solar panel can be placed on the top surface of this harvester (outer surface of the PAGV upper wall) to provide extra energy from the sunlight. This multi-sector arrangement of the inclined solar panels forms the flow-path for the rain water to flow towards the center of the system. The rain water can be collected in a storage tank for various purposes.
Theory and Background

Basics of Wind Energy Conversion
Wind power generation is the conversion of kinetic energy in the wind into a useful form of energy, such as electricity, using wind turbines. Energy available in wind is basically the energy of large masses of air moving over the earth's surface. Wind turbine blades receive this kinetic energy, which is then transformed into mechanical or electrical forms, depending on the end use.
The efficiency of converting wind to other useful forms of energy greatly depends on the wind rotors' aerodynamic function.
The hourly averages of the wind velocity taken during one year (or month) form the basis of all curves to describe a wind regime. When air mass flows with a velocity, V through an area, A, the mass flow rate can be calculated as:
thus a flow of kinetic energy per second or kinetic power, P can be calculated as: A is area swept by the rotor blades, and V is the undisturbed wind velocity.
PAGV Concept
The concept of PAGV is similar to the application of a convergent-divergent duct. Consider the incompressible flow through a convergent-divergent duct, as shown in Figure 1 . The flow enters the duct with velocity, 1 V and pressure, 1 P . The velocity increases in the convergent portion of the duct (act as concentrator), reaching a maximum value 2 V at the minimum area of the duct. Also, in the convergent section, the pressure decreases, as shown in Figure 1 . At the throat, the pressure reaches a minimum value, 2 P . In the divergent section downstream of the throat (act as diffuser), the velocity decreases and the pressure increases.
Fig. 1
Flow through a venturi [13] The duct shown in Figure 1 is called a venturi; it is a device which finds many applications in engineering. Consider a venturi with a given inlet-to-throat area ratio V . With regard to the venturi itself, the most direct quantity that can be measured is the pressure difference,
. This can be accomplished by placing a small hole (a pressure tap) in the wall of the venturi at both inlet and throat, subsequently connecting the pressure leads (tubes) from these holes across a differential pressure gage, or to both sides of a U-tube manometer. In such a 4 fashion, the pressure difference, 
rearranging eq. (7),
Equation (8) is the desired result; it gives the air velocity 2 V in terms of the measured pressure difference At the frontal part of the PAGV, the flow concentrator concept is applied (Figure 3 ). The flow concentrator converges the wind flow resulting in increased wind speed, as predicted using eq. (8) at inlet to the rotor hence the rotor is able to extract more energy from the increased kinetic energy of the wind passing through it. Also, at the rear part, diffusers are designed to increase suction at the rear of the turbine so that the differential pressure across the rotor increases. Consequently, the volumetric flow rate of wind through the rotor also increases resulting in higher energy output.
The Standard k- Model
The k-epsilon model is one of the most common turbulence models. It is a two equations model, which 
Methodology
Wind data analysis
The wind speed data is obtained from the Malaysian Meteorological Department. This wind speed data is recorded hourly by a weather station which is located at a height of 46.2 m from the ground level located at Petaling Jaya in the year 2007. The analyzed wind data was employed for simulation purpose and wind energy output calculation.
Design and Optimization of the PAGV
Prior to wind tunnel experiments, a scaled down ( Figure 2 ) PAGV geometry was designed and optimized using computational fluid dynamics (CFD) simulation. FLUENT was chosen as the CFD software package. In CFD simulation, the computational domain created is a rectangular domain that represents the wind tunnel test section around the PAGV scaled model. The geometry of the computational domain is much bigger than the PAGV scaled model, so that the far field free stream is not affected by the flow near the object of interest in this study. The height of the computational domain is about four times the height of the scaled PAGV, the length of the computational grid is about five times that of the scaled PAGV diameter and the width is about double the size of the scaled PAGV diameter. The computational domain is shown in Figure 3 . The grids of the computational domain are meshed by using GAMBIT. The volume mesh element is chosen to be Tetrahedral/ Hybrid as shown in Figure 4 which specifies that the mesh is composed primarily of tetrahedral mesh elements but may include hexahedral, pyramidal, and wedge elements where appropriate. In order to save computational time and resources, the simulation is carried out for the upper part domain only since the upper part and lower part are symmetrical in this case. The computational conditions are shown in Table 1 .
6 Fig. 3 The mesh and geometry of the whole computational domain 
CFD Simulations -Section Analysis of the PAGV Scaled Model
The velocity magnitude and path-lines were analyzed based on the section of the PAGV as shown in Figure 6 . All the analyses were conducted on the symmetry boundary (center plane of the computational domain). Figure 8 ). This ratio is 10 calculated based on the wind speed at the exit of Inlet vents over the free stream wind speed of 3.5 m/s. Most of the high velocity winds occur at the airflows that leave the inlet vents (at R= 270 mm). From Figure 7 , the airflow has been guided to the desired angle before hitting on the airfoils of the VAWT. From Figure 10 , eddies can be clearly noticed and the whole wake region area is in low velocity. In addition, the design of vane 1 and vane 5 have successfully expanded the airflow that passes through the PAGV and acts as a diffuser. This could increase the suction at the rear of the turbine so that the differential pressure across the rotor is increased. As a result, the volumetric flow rate of wind through the rotor is also increased resulting in higher energy output. The flow simulation of the PAGV is being further carried out over different ranges of wind stream velocity. From Figure 11 , the on-coming wind stream has been increased by 1.7 times or higher (on average). On the other hand, the average of wind speed ratio slightly decreases from 1.84 to 1.46 as the free stream wind speed increased from 4 m/s to 24 m/s. This is because at higher wind speeds (higher Reynolds number), the airflow becomes more turbulent.
Total Torque Analysis of the VAWT
The total torque, T analysis and calculation are carried out by considering the azimuth angle or position of the airfoils and also the number of the airfoil blades [14] . The torque of the VAWT has been calculated for the cases with and without the presence of the PAGV for tip speed ratio (TSR) from 1 to 8. The VAWT chosen for analysis is three straight-bladed H-rotors. The airfoil chosen is NACA 0012 where the chord length is 45 mm and the solidity is 0.54.
From Figure 12 , the torque of the VAWT reaches its highest value when the TSR approximates the value of 4 for the VAWT with and without the PAGV. The torque of the VAWT with the presence of the PAGV has been increased obviously compared to the torque of the VAWT without the PAGV. This is because the free wind stream has been guided to the optimum angle of attack for the NACA 0012 airfoil to generate optimum lift and torque due to application of the PAGV. In addition, the increment of wind speed during the free stream wind passing through the PAGV also contributes to the optimum torque.
Another area of interest is the starting torque analysis; it is shown that in Figure 12 , at low TSR, with the presence of the PAGV, the total torque of the VAWT is approximately four times greater with the presence of the PAGV. Thus, the VAWT could be self-started as self-starting effect is one of the major weaknesses of the lift-type VAWT.
Fig. 12 Torque versus tip speed ratio
Wind Power Extraction on a 220 m High-Rise Building
In order to estimate the power generated from the wind energy conversion system, the PAGV that is installed on the roof top of a building which is 220 m in height, one might have to consider the on-coming wind speed at different altitudes. The wind speed at the surface increases with height rapidly when close to the surface, and the rate of increase declines with greater height.
The variation of the wind speed with height can be estimated using a power exponent function, as eq. (9),
where ) (z V is the wind speed at a height of z, r V is the wind speed at the reference height z r above the surface, z is the height above the surface, r z is the reference height above the surface and  is the exponent which depends on the roughness of the terrain and the stability of the atmosphere.
For a typical urban area such as Petaling Jaya, the value of  is approximately equal to 0.4 [15] , the wind speed at a building height of 220 m ) (z , above ground is approximately 1.867 times higher than the wind speed at the wind sensor or reference height which is 46.2 m.
The power extraction of the wind turbine can be calculated by modifying eq. CFD simulation shows that the wind speed is increased approximately 1.7 times after passing through the PAGV and the VAWT also experiences better flow angle (wind stream directionally guided by guide vanes). With the estimated efficiency of subsystems or components (Table 2) , the wind energy generation (power x frequency hours) could be estimated as shown in Figure 13 . 
Conclusion
Renewable energy generation in the urban environment has received increasing attention over recent years due to the proximity with the point of use. A wind-solar hybrid renewable energy and rain water harvester is introduced in this paper. This innovative design is suitable for application in weak-wind regions such as those in Malaysia; the design of the PAGV has been carried out to overcome the inferior aspect on the low wind speed by guiding and increasing the speed of the high altitude freestream wind. The PAGV system is aimed to be integrated into high-rise buildings in urban areas with minimum visual impact. The PAGV also can solve the problems faced by current wind energy generation systems in order to site wind turbines in urban areas.
In addition, the solar panel can be placed on the top surface of the harvester in order to extract sunlight energy. The rain water could also be collected in the wind-solar hybrid renewable energy harvester system. The collected rain water can be treated, stored and used for general purposes. 
